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Abstract 
This report is for the SEL Motor Protection System—SEL701-1 Monitor. It introduces all the 
main units and methods that have been used and describes the entire work that have done 
for this project. 
The aim of the project is to explore how to use SEL701-1, complete the executable technical 
circuit, doing fault configuration and building suitable hardware running system for SEL701-1. 
This report starts from the introduction of motor protection principles, SELS and SEL701-1 
Monitor, AcSELerator QuickSet and the Lab-Volt Learning System. Then it goes into the 
SEL701-1 Data Monitoring section. After that, it talks about the switching circuit of SEL701-1 
based on the instruction manual. Fault Configuration is also included. It contains 5 fault 
cases that could happen to a motor while it is running. Then the report discusses using 
industrial Crompton Current Transformers (CTs) instead of Lab-Volt CTs.  
For results of the project, the basic setup of SEL701-1 was done. A technical motor 
protection circuit using SEL701-1 was implemented. It includes the data monitoring circuit 
and the switching circuit. All the circuits were tested through the Lab-Volt learning system 
demonstrating the ability to control, monitor and protect a motor. Based on the technical 
circuit, some cases of the fault configuration has done, the cases include under/over voltage, 
overcurrent, phase reversal, stator winding fault and ground fault, they all achieved the set 
level. Last but not least, the industrial Crompton CTs were used instead of Lab-Volt CTs and 
it work well in the circuit.  
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1.0 Introduction 
This introduction will give a brief explanation of the background, the aim of the project and 
it will also be clear about the context of each following part to make sure this report has a 
structured outline. 
This project is a thesis project for student who is doing the Electrical Power Engineering and 
Industrial Computer System Engineering majors. The aim of this project is to explore the 
function and the usage of SEL701-1 and eventually have a standalone system in use of 
SEL701-1 for teaching purposes. The standalone system will significantly benefit the study of 
motor and motor protection system in the future. As it is known, motor protection system is 
indispensable in realistic industrial. A motor protection system has ability to control, monitor 
and protect the motor. When there is a fault event, motor protection system supposed to 
give an ideal solution in a reasonable time period. This could prevent motor and related 
equipment being destroyed and also gives safety to people who need to work in the motor’s 
area. 
As a monitor in motor protection, the SEL701-1 Monitor provides a complete protection for 
induction motors. The function of SEL701-1 includes monitoring, metering, reporting and 
control capabilities.  
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1.1 Background  
After industrial motors became large consumers of electrical energy, motor protection 
started to develop in the early 1900s. It was also developed to protect different types, sizes, 
applications of motors. (Rifaat 2012) 
As a critical component, motors could be damaged by various reasons such as bad 
environments, old age, mechanical problems etc. But overheating is the main reason causing 
most motor failures, and it can be caused by faults, power supply system issues, excessive 
load and environment. It can affect all the major parts of a motor. A motor’s life time will be 
heavily decreased if a motor runs in an overheating condition. (Rockwell Automation 1998) 
Electrical protection of a motor includes over/under current protection, over/under voltage 
protection, RTD (Resistance Temperature Detector) protection, underfrequency protection, 
load jam/loss protection, Jogging block protection, phase fault protection and ground fault 
protection etc. (Craig Wester n.d.) 
This report will mainly talk about under/over current, under/over voltage, phase reversal, 
stator winding fault and ground faults. All fault tests will be carried out through the Lab-Volt 
Learning System and the SEL701-1 Monitor. 
Schweitzer Engineering Laboratories, Inc. (SEL) is an American company that designs and 
manufactures metering, monitoring, control, protection products in electric power systems. 
They provide a complete line of their services and products. SEL’s departments include SEL 
Government Services Division, SEL Engineering Services and SEL University. They mainly 
work in power systems, automation and networking areas. Nowadays, SEL products could be 
found in power stations or companies, and SEL offices can be found worldwide to support 
their products. (Schweitzer Engineering Laboratories n.d.) 
This project is using one of the SEL power system products—SEL701-1 Monitor. SEL701-1 is a 
unit that is designed for use for protecting a medium voltage, three-phase motor. It provides 
metering, monitoring, and reporting functions. Considered the limitation of the equipment, 
RTD protection is not included in this project. 
For SEL 701-1, testing the LabVolt equipment is a useful system to achieve most of the tests 
and a reasonable amount of functions that SEL 701-1 has, so on the first stage or even the 
most of the project, the experiments were carried out using the LabVolt system. Besides of 
that, the LabVolt system provides a reliable high level safety protection, and nearly all the 
parameters that need to be considered can be easily measured though the pins on the 
operation panel on the LabVolt system using a multimeter. 
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1.2 Project Aim 
As a continuation of work from a previous ENG454 project, large amounts of work are still 
done through the LabVolt system. LabVolt system is mainly used for testing the functions by 
construction appropriate technical circuits and fault configuration of SEL 701-1 Monitor. In 
order to build a standalone teaching purposes system, industrial CTs were tested and added 
at the end of the project. 
The main objectives are listed below: 
 Basic setup of SEL 701-1 Monitor 
 Complete setup and testing of rewire technical circuits 
 Fault configuration of SEL 701 
 Industrial CTs cooperate with SEL 701-1 
The objectives listed above will be achieved based on the basic method from manuals and 
physical testing.  
All of the above objectives were achieved in this project. 
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1.3 Report Structure  
Following is an overview of the whole report. It will give a brief explanation of each chapter. 
Chapter 2 Literature Survey 
This chapter will give a specific view of all the equipment and software that was used 
through the whole project. It introduces the principle of motor protection and motor 
protection relay, SELS and SEL701-1 Monitor, AcSELerator QuickSet—the software that could 
communicate with the SEL701-1, followed by a brief discussion of the Lab-Volt learning 
system. 
Chapter 3 Data Monitoring 
Chapter 3 describes the data monitoring circuit of the SEL701-1 through the use of Lab-Volt, 
gives a comparison and explanation between the previous circuits and the final completed 
circuit. It also describes how the tests were carried out using the Lab-Volt system. 
Chapter 4 Switching Circuits in SEL701-1 
Chapter 4 describes the tripping circuit which mainly control the status of a motor. It also 
mentioned another quick accessed switching circuit, and also the configuration of the analog 
output function. 
Chapter 5 Fault Configuration 
This chapter gives a example that was done for testing and constructing. Technically 
complete circuits are shown in this chapter as well.  It also lists and explains all the type of 
fault experiments achieved. The fault configuration is based on the technical complete 
circuit that has been talked about before. It is still carried out using the Lab-Volt system. 
Chapter 6 Industrial CTs Testing 
Chapter 6 aims of the “standalone system”, so there is a description of Crompton CTs. In this 
chapter, the Lab-Volt CTs were replaced by Crompton CTs. It will also mention the 
experiment using the replaced CTs and shows the results obtained from AcSELerator 
Quickset. 
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2.0 Literature Survey 
This chapter provides a literature background of all the relative principles and units. 
Associated with motor protection reading this chapter can gives a better understanding of 
the main method behind the project and a good comprehension of the main units or 
systems. 
2.1 Motor Protection and Motor Protection Relay 
2.1.1 Motor Protection 
Since electric motors became the largest consumer of electrical power, at the early time of 
1900s, people started to propose motor protection methods and built relevant devices 
trying to achieving an effective, safe and reliable operating environment for electric motors.  
(Rifaat 2012) The relevant devices will be discussed in the next part. 
Electric motors play a really important role in industry. They can be found contributing in all 
types of industrials. As a following effect, motor protection is considerably necessary and 
important to optimise the drive of the motor. According to conservative estimates, motor 
failure rates could be 3-5% per year.  (Craig Wester n.d.) And in some heavy industries, 
motor failure could be even higher than 10%. Power companies pay huge amounts of money 
to replace and repair motors per year, and motor failure could lead to loss of production as 
well. As a critical component, motor failure results from a variety of reasons like high 
ambient temperatures, excessive loads, abnormal operating conditions etc. These reasons 
are mainly divided into three areas, electrical related issues, mechanical issues or 
environmental and maintenance problems.  (Craig Wester n.d.) In these reasons, thermal 
stress is the main reason to cause motor failure, while lots of faults or impropriate operation 
can lead to thermal stress. Thermal stress can damage all the major parts of a motor. A 
motor’s life time will be heavily reduced when a motor overheats. 
A good motor protection system is supposed to have the ability to give a reaction or alarm 
only when a fault happens, so the motor will not be damaged. If the motor damage cannot 
be prevented, motor protection systems supposed to operate quick enough to prevent 
motor related equipment are damaged.  (Rockwell Automation 1998) Motor protection 
system should also ensure the safety of the people who are working in motor related area. 
There are four areas of electrical motor protection: phase fault, ground fault, thermal 
overload and abnormal operation conditions.  (Rockwell Automation 1998) Phase faults 
mainly means phase unbalance or phase reversal, while thermal overload includes excessive 
load, high ambient temperature. Abnormal operating conditions general includes 
over/under voltage, unbalanced voltage or current etc.  (Rockwell Automation 1998) 
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2.1.2 Types of Motor Protections 
The following paragraphs will talk about couple of motor electrical protection examples. 
Overvoltage Protection 
If the motor is running during an overvoltage condition, the magnetization current will 
increase and lead to an increase of iron losses. This could cause the motor to overheat. But if 
the shaft load is given, the load current will decrease, this will decrease total current. If the 
load current is to remain constant, then the operating temperature will increase. The power 
factor will be relatively small as well. Newly designed motors aim to better utilization, so 
they are designed closed to saturation point, so the saturation of air gap flux results in the 
motor heating as well.  
Normally in the electrical energy industry, overvoltage condition could be monitored by 
measuring the winding temperature. Engineers use RTDs that cooperate with multiple relays 
to avoid overvoltage leading to an overheating and damage the motor. (Craig Wester n.d.) 
Overvoltage could also be monitored by digital motor protection relays; normally the set 
point of an over voltage pickup element should be 1.1-1.25 times bigger than the rated 
voltage of a motor.  (GE Digital Energy 2011) 
Undervoltage Protection 
An undervoltage condition could lead to a reduction of efficiency and full load speed. It will 
lead to increase of full load current, power factor and temperature. Actually, the 
undervoltage element could be considered as a backup protection of the thermal overload 
element. But if an undervoltage element is being used, it is supposed to react faster than the 
overload element.  (GE Digital Energy 2011) 
If more than one motor are connected to the same power supply, undervoltage could exist 
for a short period of time when one of the motors starts. To avoid this starting undervoltage 
trip of the motor, a time delay should be set bigger than the motor starting time. (Craig 
Wester n.d.) 
Unbalance Protection 
Unbalanced loads are normally caused by unbalanced power supply voltages. Current 
unbalance could also results of blown fuse, loose connections, stator turn-to-turn faults, 
phase reversal faults etc. (Craig Wester n.d.) A small unbalance could cause a high negative-
sequence current as a three-phase motor’s negative-sequence reactance will be five to 
seven times smaller than the reactance of a positive-sequence. (Craig Wester n.d.) So a high 
negative-sequence current or voltage normally use as an indication of unbalance. The 
negative-sequence current will create a field in a motor’s rotor. This field will rotate in an 
opposite direction to the normal mechanical direction. Those effects will increase motor 
heating and reduce the motor performance. For an induction motor, 1% unbalanced voltage 
will correspond to 5-7% unbalanced currents. For medium or small size induction motors, 
only current transformers but not voltage transformers were used to measure unbalance 
currents.  (GE Digital Energy 2011) 
7 
 
Ground Fault Protection 
A ground fault normally means a phenomenon that allows current to flow from one phase 
directly to the neutral without passing the load but through the earth. It is normally caused 
by a damaged insulation of phase conductors which normally results from moisture, voltage 
stress, or internal faults etc.  
Typically, a resistor is used to connect between the motor’s neutral point and ground. This 
impedance will limit the maximum ground fault current to avoid motor damage. The 
impedance could be either a resistor or a grounding transformer. (Craig Wester n.d.) 
A zero-sequence current transformer (CT) is considered the best way to detect a ground 
fault. All three phase conductors go through the window of the zero-sequence CT. Normally, 
the sum of the three phase currents should be zero, so the secondary side current of zero-
sequence CT should equals to zero as well. If one of the phases is shorted to ground, the 
sum of three phases will no longer be zero anymore. The non-zero current will be detected 
by the protection system and will be regarded as a ground fault. 
If the equipment is under certain limitation or the zero-sequence CT cannot fit in, residual 
connection also could be used as a ground fault protection. (Craig Wester n.d.) But a residual 
connection is less sensitive and accurate than a zero-sequence CT. A mismatch between CTs 
will produce a residual current during motor starting time. This false current will be regarded 
as a ground fault by the relay, so the ground fault element should have a relatively high set 
point to prevent false fault happen. 
Short Circuit Protection 
Short circuit protection is used for really high overcurrent faults. The two common types of 
short circuit protection are phase to phase faults and phase to ground faults. When a motor 
starts, the starting current could be six times greater than the full load current. (Craig 
Wester n.d.) The asymmetrical components in the starting current may cause one of the 
phase current 1.7 times greater than the starting current’s RMS value. So the set point of the 
short circuit pickup function should be higher than the motor asymmetrical starting current 
to avoid nuisance tripping. The contactor or the circuit breaker should have the ability to 
handle the maximum fault current as well. (GE Digital Energy 2011) 
The other protections that are usually considered in motor protection include differential 
protection, RTD protection, overload protection. (Craig Wester n.d.) Those protection 
aspects are not considered in this project.  
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2.1.3 Motor Protection Relay 
Actually since the early half of 1900s, people already started having ideas of protection due 
to the disintegration of the thin conductors after a lightning strike. After that, fusible links 
might be the earliest application in the protection area. In later part of the 1900s, people 
started to think about suitable switching devices that could achieve the ability of what we 
call a “protection relay” nowadays. Basically a switching device is supposed to have the 
ability to detect a fault current but still will not be damaged by the complicated fault current. 
Based on that, the first circuit breaker, “oil self-switching circuit breaker” was invented.  
(Schossig, Introduction to the history-of Selective Protection 2007) In 1900, the first concept 
of a protection relay was proposed. But at that time, there was no short-circuit switching 
device that could be considered as a reliable device to cut down the current, so the 
application of the protection relay was limited. As the switching devices became integrated, 
the first protection relay, the line differential relay, was invented in 1912. (Schossig, 
Introduction to the history-of Selective Protection 2007) At the same time, the electric 
motor became the largest consumer in electrical power. Since that time, a variety of motor 
protection relay were designed to suit different types and different sizes motors. 
2.1.4 Development of Motor Protection Relay 
After motor protection relays had been invented, motor protection relays could be sorted 
into three main generations, electromechanical relay, static relay, digital relay. (Schossig, 
History Protection - Generations of Protection 2010) Electromechanical relays started to 
develop at around the 1920s. It uses the magnetism force which is created by the magnetic 
coil to control the contactor. Around 1960s, static relays started to appear. (Schossig, History 
Protection - Generations of Protection 2010) A typical example of static relay is a solid-state 
relay. It is switched by electricity, so it could switch much faster than electromechanical 
relay. The last generation is a digital relay which began to develop around 1948 and it is 
really popular nowadays. Digital relays use microcontrollers with software based protection 
algorithms. They could detect process or electrical faults. 
2.2 SEL and SEL701-1 Monitor 
SEL was founded by Edmund O. Schweitzer III in 1982 in Pullman, Washington USA. It gives a 
complete service line for their products. SEL designs and manufactures control, protection, 
metering and monitoring products for electric power systems worldwide. Their solutions 
range from transmission protection and comprehensive generator to control system and 
distribution automation. Engineering Services provides system solutions and engineering 
capabilities worldwide. SEL University gives training and programs, so the customers have a 
chance to get a chance to know how the complexities and challenges to bring basic 
technologies to infrastructures in power systems. SEL’s support offices can be found around 
the world, the headquarters are set in Lewiston, Idaho and Pullman, Washington in USA. The 
SEL support office in Mexico designs that manufactures different type of fault indicators. 
Their products could be sorted to three main sections, power systems, automation and 
networking. (Schweitzer Engineering Laboratories n.d.) 
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Here is a list of available SEL products in Murdoch University Engineering as show in figure 1: 
 SEL 311L – Line Differential Protection 
 SEL 3351 – Integrated Computing Platform 
 SEL 351 – Direction Relay Controller/ Reclose 
Controller 
 SEL 387E – Current Differential Protection 
 SEL 421 – Line/Bus Protection 
 SEL 701-1 – Motor Monitor 
 SEL 751A – Feeder Protection 
 SEL 787 – Transformer Protection 
 
Figure 1 SEL Rack in Murdoch 
The unit SEL701-1 Monitor is the main unit being used in this project. It is designed to 
protect small or medium voltage, three-phase motors. Basically the monitor provides 
overload, unbalance, short-circuit and locked rotor functions. RTD-based and voltage-based 
protection functions can be added as well. SEL701-1 also provides innovative monitoring 
functions like motor start reports, motor start trend data, motor operating statistics, load 
profiling, sequential events record, event reports and summaries, and a complete series of 
accurate metering functions. (Schweitzer Engineering Laboratories, Inc. 2004) 
 
Figure 2 Front appearance of SEL701-1 Monitor 
             
Figure 3 Back appearance of SEL701-1 Monitor 
Figures 2 and 3 showed the appearance of the SEL701-1 from the front and the back. As can 
be seen, SEL701-1 has a smart front panel with buttons, LEDs and LCD, and all the settings 
can be achieved through front panel. Those LEDs on the front panel are totally 
programmable.  
At the back of the SEL701-1, there are power inputs, current transformer (CT) inputs, ground 
CT input, contact outputs, internal RTD connections, contact inputs, analog output, AC 
voltage connections.  
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As for communications, the SEL701-1 requires a null-modem EIA-232 cable to connect front-
panel port to a local PC serial port.  (Schweitzer Engineering Laboratories, Inc. 2004) SEL701-
1 could also approach Modbus protocol using EIA-485 cable at the rear-panel serial port.  
(Schweitzer Engineering Laboratories, Inc. 2004) When the Modbus protocol is enabled, 
SEL701-1 will enables the EIA-485 serial port and disable EIA-232 serial port. (Schweitzer 
Engineering Laboratories, Inc. 2004)  
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2.3 AcSELerator QuickSet  
AcSELerator QuickSet is the main software tool to interact with the SELs units. It is a 
powerful analysis, simulation, control, setting assistant application that could interacts with 
the relay. It is produced by SEL and could communicate with SEL relays through EIA-232 or 
EIA-485 cable. It could totally achieve all the front-panel operation through PC. The terminal 
emulator in the software allows people read data from SEL701-1 and transfer to spreadsheet. 
It also has couple of type data analysis functions, which make data analysis pretty lively. (SEL 
University 2013) 
Main functions that was used will be talked about seperatly in the following pictures. 
 
Figure 4 General data setting screen 
Figure 4 present how to parameter setting screen of SEL701-1. 
 
Figure 5 HMI of AcSELerator QuickSet 
Figure 5 is the HMI of the instantaneous metering status. This HMI has the ability to start or 
stop a motor. The status of all the contact outputs and contact inputs can be seen on it as 
well.  
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Figure 6 Terminal Emulator 
Figure 6 presents the terminal emulator in AcSELerator QuickSet, through the terminal 
emulator, most of the functions of the software could be achieved by sending a command to 
it, such as start the motor, stop the motor, chang the settings of the relay. Besides that, 
previous event data or previous operating motions could be retrieved through the terminal 
emulator. 
  
Figure 7 AcSELerator commissioning assistant 
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Figure 7 shows the commissioning assistant which provides a environment to test both high 
voltage side current transformer and low voltage side current transformer. But for some 
unknow reasons, it is not acessible in this project. 
Simulations could be done through this software as well, but operators have to be careful 
when carrrying out the simulation, as the simulation could directly change the settings of the 
SEL701-1. 
 
Figure 8 History event retrieve list 
Besides that, previous event data or previous operating motions could be retrieved through 
the terminal emulator as well as shown in figure 8. 
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Figure 9 Analytic assistant- Event report summary 
The AcSELerator Analytic Assistant could be viewed by opening the event history from the 
main screen of the software. The Analytic Assistant could give a time-based event report 
summary as shown in Figure 9, which listed all the data that was measured during a test. 
 
 
Figure 10 Waveform of Analytic Assistant 
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Figure 11 2D animation phaser diagram 
It could give a 2D phaser diagram animation of the changing three-phase voltage and current 
shown in Figure 11. It contains a table on the left side of the screen which presented a real-
time measured value of the inputs. It could present a waveform graph for analysis as well 
Figure 10. These files can be saved in a customer-defined directory. 
Both the terminal emulator and analytic assistant can give a specific recorded data for all the 
scenarios. This data could be sent to a spread sheet for analysis.  
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2.4 Lab-Volt Electric Power Technology Learning System 
Lab-Volt is considered as an integrated company that develops and produces web-based 
learning systems, computer-based learning systems, modular multimedia educational 
programs, simulation training software, and supporting classroom-management systems.  
(Lab-Volt Systems 2013) Their products serve in information technology, general technology 
education, pre-engineering/manufacturing technologies, project-based technology 
education program and family and consumer sciences.  (Lab-Volt Systems 2013) 
2.4.1 UFM—Universal Fault Module  
 
Figure 12 Lab-Volt Universal Fault Module 
The Lab-Volt UFM (Universal Fault Module) consists of adjustable time delay relays, control 
relays, contactors, current-limiting resistors, an inductor and a solid-state relay.  (Lab-Volt 
Systems 2013) A fault can be inserted into the electrical power system by pushing the 
initiate fault push button, and the fault duration time could be select from the fault duration 
time switch or it can be detail adjusted on three time-delay relays inside the module. UFM 
can provide a line-to-line fault, line-to-earth fault, winding inductive fault or resistive fault. It 
is a useful and simple unit for training students in fault configurations and protective 
relaying applications. (Lab-Volt Systems 2013) 
2.4.2 TGA—Transmission Grid “A” 
 
Figure 13 Lab-Volt Transmission Grid "A" 
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Lab-Volt Transmission Grid ‘A’ is used as a circuit contactor in an AC power circuit. It can be 
seen from figure 13, the transmission grid is connected by single contactor in a certain 
sequence. It could be used as a switch under normal operation. It could also be used as a 
protection unit when a fault has happened. The normally-open contactors can be controlled 
manually on the front panel or through a DC coil bus powered by external DC power supply. 
When the coil of the contactor is energized, the contactor will close respectively. (Lab-Volt 
Systems 2013) 
2.4.3 Protective Relaying Control Station 
 
Figure 14 Lab-Volt Protective Relaying Control Station 
The Lab-Volt Protective Relaying Control Station is a standalone system mounted on castors. 
It consists of two sets of DC control relays, an interconnection panel and a DC power supply. 
Control Relays 1 can cooperate with Control Relays 2 to achieve multiple NO/NC contactors. 
So the multiple NO/NC contactors can be used in AC electrical power circuits. The push 
button on Control Relays 1 can be used as a stop push button for the latching circuit. (Lab-
Volt Systems 2013) 
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3.0 Data Monitoring 
The working method of the data monitoring circuit was constructed carefully and strictly by 
following the instruction manual of SEL701-1. The SEL701-1 can provide four types of wiring . 
For single-phase, it could be done in phase to phase or phase to neutral connection which 
are show in figure 14 and figure 15. Figure 12 and figure 13 shows three-phase four-wire 
wye-connection and three-phase three-wire open-delta connection for voltages. (Schweitzer 
Engineering Laboratories, Inc. 2004)
Figure 15 Example AC Wiring Diagram, Four-Wire 
Wye Voltages and Ground CT.  (Schweitzer 
Engineering Laboratories, Inc. 2004) 
 
Figure 16 Example AC Wiring Diagram, Open-Delta 
Voltages and Residual IN Connection.  (Schweitzer 
Engineering Laboratories, Inc. 2004) 
 
 
 
Figure 17 Example AC Voltage Wiring Diagram, 
Single Phase-to-Neutral Voltage.  (Schweitzer 
Engineering Laboratories, Inc. 2004) 
 
Figure 18 Example AC Voltage Wiring Diagram, 
Single Phase-to-Phase Voltage.  (Schweitzer 
Engineering Laboratories, Inc. 2004)
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A window CT (ground CT) cannot be achieved in the Lab-Volt system. So in this project, the 
open-delta voltages connection is used. The following section will give a clear explanation of 
a window CT. 
As can be seen from figure 15, SEL701-1 has four optional voltage inputs—VA, VB, VC, N. 
Those voltage inputs could provide metering, protection and reporting functions. In this 
project VA, VB, VC measures the three-phase voltage goes to the induction motor, while N is 
used as a neutral reference point of the three-phase voltage. The voltage range of those 
inputs is 0-300 Vac. For frequency aspect, the SEL701-1 can measure frequency from 20-70 
Hz through the VA voltage input. (Schweitzer Engineering Laboratories, Inc. 2004) 
There are also four current inputs on the SEL701-1 which are IA, IB, IC, IN. In this project, IA, 
IB, IC were used to measure the line current goes to the induction motor, while IN is used for 
window CT connection or residual IN connection to detect ground faults. The nominal 
secondary current could be either 1A or 5A, and each input has a COM as shown in figure 15. 
Those current inputs are really sensitive about the polarity and the phase sequence. Phase 
sequence could give a phase reversal protection function. (Schweitzer Engineering 
Laboratories, Inc. 2004) 
The following sections will talk about the main issues experienced during the integration of 
the data monitoring circuit. 
3. 1 VTs Connections 
For transformer connections, previous ENG454 students use delta-connection for VTs and 
residual IN connections for CTs. As mentioned before, window CT cannot be achieved 
through Lab-Volt system. 
In this project, wye-connection VTs were chosen instead of delta-connection VTs. One 
reason is in the AcSELerator QuickSet HMI, the form of measured voltage is phase to phase. 
As using software HMI is much convenient than using front panel of SEL701-1, phase to 
phase connection might increase the accuracy of metering. The other reason is aiming to 
construct a standalone operating system, wye-connection could be achieved only through 
two VTs while delta-connection has to use three VTs, so it will decrease the financial cost of 
the future implementing project. 
3.2 Window CT (ground CT) 
The window CT connection and Residual IN connection are to detect ground faults. Actually 
in this project, window CT connection is much recommended than residual IN connection.  
The window CT could provide a relative high sensitivity level for ground fault protection. If 
residual IN connection is in used, the ground fault current pickup value is supposed to be 
slightly higher to avoid unwished trip cause by asymmetrical starting current.  
Both methods work by detecting zero sequence current. Under normal working period, the 
sum of the three phase currents should equal to zero. If one of the phases is shorted to 
ground, the sum will not be zero any more, this will be caught by the monitor and cause a 
trip. (GE Digital Energy 2011) 
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For this part, a test was done by simply taking off the wire which is connected to IN. When 
the fault happened, SEL701-1 still can gives a trip based on unbalanced phase, but the 
reaction time is clearly much longer than ground fault protection. It turns out the ground 
fault protection is quite efficiency and necessary. 
In the window CT connection, if unshielded cables are being used, the window CT must be 
sat between the motor and the neutral connection to ground. The neutral cable must be in 
the window of the window CT as well. If using shielded cables, the cable of shield connection 
to ground must go through CT window. (Schweitzer Engineering Laboratories, Inc. 2004) 
 
3.3 Testing Through Lab-Volt System 
Figure 16 shows the monitoring circuit test through Lab-Volt system.  
 
Figure 19 Data monitoring setup 
In Lab-Volt system, all the CTs are step-up CTs because the rated power of Lab-Volt motors is 
small compared to industrial motors. The SEL701-1 as a real industrial designed monitor, it 
only gives a step-down CT ratio selection. Another drawback of the setting is that only 
integers are allowed to be input. So in this test, the ratio was chosen to be 1 to show a real 
secondary side current value in SEL701-1.  
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4.0 Switching Circuits in SEL701-1 
Switching circuits play an important role in metering and monitoring motors. In this project, 
the developed switching circuits have the ability to start and stop the motor by disconnect 
the contactors of the circuit. In a combination with the SEL701-1, it also could trip the motor 
when there is a fault event. 
The other switching circuits are mainly related to different quick access functions or optional 
output signals. The functions in contact inputs can be achieved easily by connecting a 
contactor or a switch between two terminals in an input. The analog output can produce a 
DC level signal to present different measurements. It could be connect to a Programmable 
Logic Controller (PLC) or a panel meter to achieved variable functions. 
4.1 Trip Circuit Building 
The trip circuit of the motor is based on the Contact Outputs of SEL701-1. SEL701-1 has five 
contact outputs, they are isolated from each other, and each of them has a normally opened 
and normally closed a contact. They are rated to switch 8A resistive at 250Vac. 
Fail-safe and nonfail-safe electrical wiring diagrams for circuit breakers and contactors are 
listed below. (Schweitzer Engineering Laboratories, Inc. 2004) 
 
Figure 20 Electrical wiring diagram for fail-safe mode and nonfail-safe mode  (Schweitzer Engineering 
Laboratories, Inc. 2004) 
This project is using nonfail-safe which means when the system tripped the motor should 
always stop. So the nonfail-safe connection showed in figure 20 is used in this project. While 
in real industrial, fail-safe might be necessary and useful as some type of motor cannot just 
stop working when there is a trip event. A sudden stop for the motor which sit in a special 
position might cause a huge financial cost or it could affect the entire process line. While for 
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this project, a clear sight view should be achieved, so it will be easier for people to figure out 
what is going on. 
Figure 21 shows the electrical wiring diagram for the connection of switching circuit. And 
figure 22 shows the physical wiring based on the electrical wiring diagram.
 
Figure 21 Electrical wiring diagram for the main 
switching circuit  
 
Figure 22 Picture of switching circuit 
In nonfail-safe mode, B4 and B5 cooperate as a Normally Open (NO) contactor while B5 and 
B6 cooperate as a Normally Closed (NC) contactor. The NO and NC function of “B” series 
outputs are settled in the SSEL701-1, more details can be seen in SEL701-1 Instruction 
Manual—Contact Outputs. Fail-safe mode and nonfail-safe mode can be choose or changed 
either from front panel or through AcSELerator QuickSet software. As can be seen in the 
picture, the left part of the circuit is used for normally start or stop motor. While a fault 
happened, SEL701-1 trip the contact output, so B5 and B6 opened, B4 and B5 closed. This 
motion cut off the power of left circuit but energized the right circuit, so the AC circuit for 
motor will definitely stay in an open circuit situation until the contact outputs were reset. 
B13 and B14 is a factory default switch on SEL701-1 to control the motor, so the motor can 
start through the software or front-panel command.  
Before the Protective Control Relaying Rack was used to simulate the circuit breaker, 
Transmission Grid ‘A’ was connected in the circuit. Then it was found TGA cannot achieve 
the switching circuit requirement on itself. The contactors on TGA will close when the coil is 
powered up, which will only achieve the motor start command. TGA could cooperate with 
Control Relays 1 to achieve the same purpose. But it is not as convenient and proper as using 
Control Relays 2. 
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4.2 Analog Output, Contact Inputs Configuration 
4.2.1 Analog Output 
Figure 23 showed the analog outputs of the SEL701-1. SEL701-1 analog outputs give a DC 
current level signal. This signal could indicate the percentage of the full load current, the 
percentage of thermal capacity, average phase current or maximum phase current. The 
range of the analog output could be selected from 0-1mA, 0-20mA or 4-20mA. Analog 
output could connect to a PLC or a panel meter to achieve some functions or just read the 
value. The cable shield is supposed to connect to the SEL701-1 ground or PLC/metering 
ground. It should not be connected to two grounds at the same time. (Schweitzer 
Engineering Laboratories, Inc. 2004) 
 
Figure 23 Analog Output Wiring.  (Schweitzer Engineering Laboratories, Inc. 2004) 
4.2.2 Contact Inputs 
As shown in figure 24, SEL701-1 has six 28Vdc wetted contact inputs, which means the 
inputs are already energized by the SEL701-1.  (Schweitzer Engineering Laboratories, Inc. 
2004) The functions of the contact inputs are fully programmable through SELogic control 
equations.  
 
Figure 24 Contact Input Factory Default Wiring Diagram.  (Schweitzer Engineering Laboratories, Inc. 2004) 
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In this project, factory default settings were tested. It can be seen in figure 24, input IN1 is 
default set to monitor contactor 52B or motor breaker where as IN2 is used for direct 
tripping. If the motor is wired properly, when the contactor of IN2 is closed, the motor will 
trip immediately. The contact on IN3 is used for tripping speed switch and it supposed to 
work with SEL-2600 RTD Module. IN4 is like a manual switch to access level 2 controls on 
SEL701-1. This could be used when the password of level 2 is forgotten. In “SEL language”, 
“level 1” means an environment which let operators view settings or the status of the 
SEL701-1 where as “level 2” require password to access. In “level 2”, more advanced 
function can be achieved such as changing the settings of the SEL701-1 or start/stop the 
motor.  Input IN5 is used for an emergency start of motor. Shorting IN5 will reset the tripped 
element and clear all the lockout functions to let the motor start immediately. IN6 is left 
blank in factory default settings. (SEL University 2013) 
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5.0 Fault Configuration 
The aim of Fault Configuration is to develop a suitable protection system for the induction 
motor using SEL701-1. At the first stage, a proper circuit should be wired. Fault 
configurations test are all based on a complete circuit setup through the Lab-Volt learning 
system. One of the reasons that the Lab-Volt learning system is being used is that Lab-Volt 
can provide a relatively high level safety, a case of introducing some fault conditions. So a 
fault will happen under certain limitations which will avoid all the equipment damage but 
still could be picked up by SEL701-1. 
In this section, several types of faults will be tested. Before fault testing, some preparation 
was done to get familiar with the necessary elements and conditions. 
5.1 Preparation for Fault Configuration 
The aim of preparation for a fault configuration is to understand how to use the UFM to 
create a proper fault in the AC circuit, and how the control relays could control the circuit. A 
complete circuit is also setup in this part to fit the fault configuration.  
5.1.2 Stator Winding Fault Test 
In this test, the AC/DC Current Sensitive Relay play a similar role as SEL701-1, but the scale of 
the current set point is not very specific, which means an accurate number cannot be set on 
the AC/DC Current Sensitive Relay. So the experiment was failed while using the AC/DC 
Current Sensitive Relay. Although the test is not that successful, the aim is still achieved. 
After this test, UFM was well understood and could be well operated in the later work. The 
working method of Protective Relaying Control Station was clear, especially the function of 
the latching circuit. This test also gives an idea of using TGA as a circuit breaker which was 
mentioned before. 
5.1.3 Technical Complete Setup  
 
Figure 25 Technical complete setup 
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Figure 25 shows the physical setup. The circuit consists of SEL701-1 Monitor, Lab-Volt three 
phase power supply, Lab-Volt CTs, Lab-Volt VTs, Lab-Volt three-phase four-pole squirrel-cage 
induction motor, Protective Relaying Control Station, push button. This circuit cooperates 
with SEL701-1, provides a complete protecting system for the Lab-Volt induction motor. It 
combines data monitoring circuits, with switching circuits in it. RTD protection is not 
considered due to the limitation of the Lab-Volt learning system. 
5.2 Cases of Fault Configuration 
All the experiments in fault configuration were based on the technical complete circuit.  
5.2.1 Over Current Fault 
In this test, the current was increased by the Lab-Volt power supply. Considered the trip 
could be caused by over voltage element. The set point of voltage pickup element was set to 
a really high value which is over the maximum voltage of the power supply. Figure 26 shows 
the data that record from the test. 
Measured Voltage Source 95.5 V 
Real CT Ratio 1:5 
CT Ratio Entered on SEL701-1 1 
Measured Primary Side Current 0.51 A 
Measured Secondary Side Current 2.59 A 
Displayed Current on SEL701-1 2.48 A 
Set point of Overcurrent Pickup Element 3.12 A 
Figure 26 Recorded data for overcurrent test 
The technical complete circuit is using Lab-Volt CT because of its stability. Lab-Volt CTs are all 
step-up CTs. But in SEL701-1, since it is designed as a real industrial component but not for 
education purpose, only step-down ratio could be entered, and the ratio should be an 
integer. The aim of letting SEL701-1 knows the ratio is, the relay could give a primary value 
which is the real AC circuit value in this project to display on the front-panel or from the 
software display. So all the ratio values of CTs were entered 1 in SEL701-1. In this case, 
SEL701-1 will display the secondary side current values.  
The set value for the over current pickup element should be entered as a secondary side 
current value. SEL701-1 is reading and displays the secondary side current value in this case 
as well. The set point is 1.2 times greater than the normal secondary side current.  
During the test, as the voltage of the power supply increases, the current increases as well. 
When it reaches around 3.12 A, the motor tripped immediately, which means the test is 
successful.  
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Figure 27 Overcurrent example settings 
 
Figure 27 above shows an example setting on the AcSELerator Quickset software. Level 1 
points a basic protection. The set point in level 1 was recommended 1.2-1.5 times greater 
than the rated value. Level 2 is an advanced protective function. The recommended set 
point of level 2 is 2 times greater than the rated value. 
As for time delay settings, they are supposed to compare with the nearest upstream 
protection element or protective systems in order to have a better performance. 
28 
 
 
Figure 28 Waveform from analytic assistant 
Figure 28 is a current and voltage graph get from AcSELerator analytic assistant. The data on 
the graph is a bit limited by the software. The software can only present the data around the 
time that an event happened, which means it cannot capture the data in a flexible time 
demand. So compared with the rest case, the graphs do not look very different. 
The top part of the graph shows the three-phase current changes to zero when the motor 
tripped according to the over current fault. The lower part shows the three-phase voltage 
stays the same after the fault event happened, because the circuit breaker only tripped the 
motor but did not cut down the whole circuit. 
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5.2.2 Under/Over Voltage 
For under/over voltage test, the set point of over current pickup element is set relatively 
high, which could avoid motor tripped by high current. The voltage is increased by Lab-Volt’s 
power supply. Figure 29 shows the data record during the test. 
Real VT Ratio 415:120 
VT Ratio Entered on SEL701-1 1 
Measured Primary Side Line Voltage 96.5 V 
Measured Primary Side Phase Voltage 167.1 V 
Measured Secondary Side Line Voltage 27.9 V 
Measured Secondary Side Phase Voltage 48.3 V 
Displayed Phase Voltage on SEL701-1 50.0 V 
Set Point of Overvoltage Pickup Element 60.0 V 
Figure 29 Recorded data for overvoltage test 
Figure 30 and Figure 31 shows the setting on SEL701-1. As mentioned before, only integer is 
allowed to enter in the VT ratio setting block. But the ratio of Lab-Volt VT is 415/120 which is 
3.458. Considered the accuracy of the test, the ratio is entered 1. So SEL701-1 will record 
and display a secondary side value instead of primary value. Besides that, SEL701-1 can only 
capture phase voltage not line voltage. So the parameters are entered in phase voltage as 
well. The undervoltage pickup element usually cooperates with another protection element 
in an ‘and’ logic. This could avoid false tripping when the motor changes its running speed. 
 
 
Figure 30 Undervoltage parameters setting 
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Figure 31 Overvoltage parameters setting 
 
5.2.3 Phase Reversal 
 
Figure 32 Phase reversal parameters setting 
To use the phase reversal fault pickup element, phase reversal function should be opened 
first. Figure 32 shows the setting screen of phase reversal element. The rotation sequence 
should be chosen from the general setting screen. Ground fault element should be properly 
wired up, in case it gives an unbalanced trip because of reversal phase. 
This test was done by swapping from Lab-Volt power supply. After started the motor, the 
motor almost tripped immediately, and ‘Phase Reversal’ was displayed on the LCD of 
SEL701-1. Since that, this protective element could be considered to work well. 
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5.2.4 Unbalanced Current and Ground Fault 
In this test, one of the current transformers was removed, so one of the three-phase current 
goes into SEL701-1 directly without bypass CT, while the other two phases still go through 
CTs.  
When the start button of the switching circuit was pushed the motor started to run for 1-2 
second then stopped. Then the LCD of SEL701-1 displayed ‘Unbalanced Current’.  
The second attempt to create an unbalanced current is involved taking off the input wire of 
residual connection. This time, the motor stopped immediately after the motor started. 
So it was found that ground fault protection reacts much faster than unbalanced current 
protection. Actually in real industrial settings, ground fault protection is also used as a 
backup for unbalanced current protection. It could give a quick reaction to protection the 
system when unbalanced current protection failed.  
5.2.5 Jogging Block 
 
Figure 33  Jogging block parameters setting 
The Jogging block in SEL701-1 consists of maximum number of starts per hour and minimum 
time between starts. The Human Machine Interface (HMI) of the SEL701-1 is showed in 
figure 33. It is known that when the motor starts, it could cause a big starting current in the 
circuit leading to heating. So jogging block element is a method to protect thermal capacity 
and the motor running system. But this test was not successful. The technical support of this 
part is quite limited, several connections and number combinations were tried but turns out 
useless. 
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6.0 Industrial CTs Testing 
6.1 Introduction of Crompton Current Transformer 
The CT in Figure 35 is a very old CT. It is made by Crompton Inc. in UK. None instruction 
manual of this CT could be found online. All the known information was get from the name 
plate on the side on the CT as shown in figure 34. The ratio of its turns is 200:5 A. Figure 35 
shows the wiring method of Crompton CT. The blue wire is a primary side cable, it should 
goes in to the window of the CT, and the secondary side which are the two red wires could 
give out an output current after considered the ratio. Like other CTs, there is a burden 
between the two secondary output terminals. So they are normally connected when there is 
no current passing through the window of the CT. But if there is a current flew through the 
window. The two secondary output will becomes two separate terminals. 
 
Figure 34 Crompton CT's nameplate 
      
Figure 35 Crompton CT wiring method 
 
6.2 Crompton CTs in Circuit 
 
Figure 36 Crompton CTs in circuit 
Figure 36 shows Crompton CTs are being used instead of Lab-Volt CTs. 
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For safety reasons, the rated power of the induction motors in Lab-Volt learning system is 
relatively small. The three-phase, four-pole squirrel-cage induction motor that was used in 
this project is only 175W. A small rated power will cause a small current in total. Considered 
that the Crompton CT is a step-down CT, the secondary side current is really small. When the 
supply voltage is 95.5V, the primary side current is 0.55A; the secondary side current is 
12.74mA. Since the secondary current is too small, it was easily disturbed by magnetic fields 
that were created by other power units. 
For overcome this problem, the primary current wire goes through the CT window five times 
instead of just one as shown in Figure 37. This could make the CT gathered a current which is 
five times greater than before. The ratio was 200/5A which equals to 40 before.  Now it is 
only 8. A smaller ratio could give a bigger secondary side current value which is much stable 
than before. The voltage supply and the primary current stay the same. The secondary side 
current changed to 58.7mA this time. 
 
Figure 37 Five-turn Crompton CTs 
 Figure 38 and Figure 39 give a clear comparison between one-turn Crompton CTs and five-
turn Crompton CTs. Both of the graphs are from the overvoltage trip event report in data 
analysis assistant of AcSELerator QuickSet software. 
It is reasonably obvious in the one-turn CT’s graph (Figure 39), the three current lines are full 
of disturbances, and it is barely can be found that the current is in an three-phase rotation 
sequence. While, five-turn CT’s current looks much better. Though it shows some 
disturbance as well, it is good enough to give all the indications of the motor status. 
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Figure 38 Waveform of an overcurrent trip event while using five-turn Crompton CT 
  
 
Figure 39 Waveform of an overcurrent trip event while using one-turn Crompton CT 
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7.0 Summary 
The aim of this project was to test the basic set up for SEL701-1, inventing technical 
complete, fault configuration and real industrial Crompton CT testing with SEL701-1. A 
conclusion of this project as shown below, it mentioned the work achieved in this project 
and unsuccessful experiments. It gives an idea of future improvement as well. 
7.1 Work Achieved 
During this project, following tests were done: 
 Basic connections between PC, SEL701-1 and Lab-Volt 
 Data monitoring circuit for SEL701-1 using Lab-Volt  
 Switching circuit used for control and protective purpose using Lab-Volt 
 Lab-Volt stator winding fault test 
 Technical complete circuit building through Lab-Volt 
 Real industrial Crompton CT testing in the technical complete circuit 
 AcSELerator QuickSet event report and data analysis configuration 
7.2 Work Not Achieved 
Unsuccessful test and unachieved work are underneath: 
 Jogging block protection element  
 Real industrial VT testing 
 SER (sequential events recorder) on terminal emulator 
 MSR (motor start trending report) on terminal emulator 
7.3 Future Work Ideas 
Future works involved fixing the unachieved work above, besides that, some points are 
listed below as a reference: 
 RTD protection of the system 
 A teaching purpose standalone system using SEL701-1 
 Suitable CTs which are step down CTs with a proper ratio 
 More reasonable control logic using SEL control equations 
 
  
36 
 
8.0 References 
[1] Rifaat, Rasheek. “Industrial Motor Protection.” IEEE. 2012. 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6330187 (accessed 01/ 
26/2014). 
[2] Rockwell Automation. Basics for practical operation. WP Protect, 1998. 
[3] Craig Wester, GE Multilin. n.d. http://www.l-
3.com/private/ieee/Motor%20Protection%20Principles.pdf (accessed 14/08/2013). 
[4] Schweitzer Engineering Laboratories. 15/03/2013. 
http://en.wikipedia.org/wiki/Schweitzer_Engineering_Laboratories. 
[5] Banerjee, A., A. Tiwari, J. Vico, and C. Wester. Protective Relay Engineers. 2008. 
[6] Electrical Group. “Electronic vs. Electromechanical Overload Relays.” Eaton 
Corporation. 8 2007. 
http://nw.automation.wesco.com/sites/default/files/Eaton%20OL%20Choice%20App
%20Note%20AP03408002E.pdf (accessed 26/01/2014). 
[7] GE Digital Energy. “GE Multilin:Products-Motors.” GEDigitalEnergy. 2011. 
http://www.gedigitalenergy.com/multilin/resource/motor/UniFlip_Publication/index
.html (accessed 22/12/2013). 
[8] Lab-Volt Systems. Lab-Volt. 2013. https://www.labvolt.com/ (accessed 25/01/2014). 
[9] Schossig, Walter. History Protection - Generations of Protection. PAC, 2010. 
[10] Schossig, Walter. Introduction to the history-of Selective Protection. PAC, 2007. 
[11] Schossig, Walter. Protection History-The start of protection. PAC, 2007. 
[12] Schweitzer Engineering Laboratories. Accurate Motor Protection With Innovative 
Motor-Starting Analysis. Pullman, Washington, 2007. 
[13] Schweitzer Engineering Laboratories, Inc. SEL-701-1 Monitor Instruction Manual. 
Pullman, Washington, 13/07/2004. 
[14] SEL University. Introduction to SEL relays CBT 101. 08/09/2013. 
[15] Steinmetz, Jon. Setting the SEL701 Motor Protection Relay Thermal Element Using the 
Rating Method. Pull,WA: Schweitzer Engineering Laboratories, 2001. 
 
 
 
